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ABSTRACT
The various aspects of the 3D cellular confinement systems (geocells) subjected to static 
loading are comprehensively studied with the help of experimental and numerical studies. 
The performances of the geocells were separately studied in both sand and clay beds. 
Laboratory tests were performed on single as well as multiple cells. The behavior of 3D-cells 
made of different materials such as Novel polymeric alloy, geogrids and bamboo were 
compared. Moreover, the performances of the geocells were compared with other forms of 
geosynthetic reinforcements namely, geogrids and the combination of geocells and geogrids. 
In addition to comprehensive experimental study, 2-dimensional and 3-dimensional 
numerical modelling efforts are also presented. A Realistic approach of modelling the 
geocells in 3D framework has been proposed; which considers the actual curvature of the 
geocell pockets. An Analytical equation has been proposed to estimate the increase in the 
bearing capacity of the geocell reinforced soft clay beds. Similarly, a set of equations to 
estimate the stress and strains on the surface of the geocells subjected to compressive loading 
were also proposed. A case study highlighting the innovative use of the geocell foundation to 
support the embankment on soft settled red mud has been documented in the thesis. A new 
and emerging application of geocell to protect underground utilities and the buried pipelines 
has been proposed. At the end, behavior of the geocell under cyclic loading has also been 
discussed. 
Firstly, laboratory model tests were performed to understand the behavior of the geocells in 
sand and clay beds. Test results of unreinforced, geogrid reinforced, geocell reinforced, and 
geocell reinforced with additional planar geogrid at the base of the geocell cases were 
compared separately for sand and clay beds. Results revealed that the use of geocells 
increases the ultimate bearing capacity of the sand bed by 2.9 times and clay bed by 3.6 
times. Provision of the basal geogrid increases the ultimate load carrying capacity of the sand 
and clay bed by about 3.6 times and 4.9 times, respectively. Besides increasing the load 
carrying capacity, provision of the planar geogrid at the base of the cellular mattress arrests 
the surface heaving and prevents the rotational failure of the footing. Geocells contribute to 
the load carrying capacity of the foundation bed, even at very low settlements. In addition, 
the effect of infill materials on the performance of the geocell was also studied. Three 
different infill materials, namely aggregate, sand and local red soil were used in the study. 
Results suggest that the performance of the geocell was not heavily influenced by the infill 
materials. Out of which aggregate found to be slightly better than other two infill materials. 
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2D Further, 2-dimensional numerical studies using FLAC (Fast Lagrangian Analysis of 
Continua in 2D) were carried out to validate the experimental findings. The equivalent 
composite approach was used to model the geocells in 2-dimensional framework. The results 
2D obtained from the FLAC were in good agreement with the experimental results. However, 
2D in the sand bed, FLAC overestimated the bearing pressure by 15% to 20% at higher 
settlements. 
In addition, the joint strength and the wall deformation characteristics of the geocells were 
studied at the single cell level. The study helps to understand the causes for the failure of the 
single cell in a cellular confinement system. Experimental studies were conducted on single 
cells with cell pockets filled up with three different infill materials, namely, silty clay, sand 
and the aggregates. The results of the experimental study revealed that the deformation of the 
geocell wall decreases with the increase in the friction angle of the infill material. Measured 
strain values were found to be in the range of 0.64% to 1.34% for different infill materials 
corresponding to the maximum applied bearing pressure of 290 kPa. Experimental results 
3D 
were also validated using FLAC . Findings from the numerical studies were in accordance 
with the experimental results. A simple analytical model based on the theory of thin 
cylinders was also proposed to calculate the accumulated strain of the geocell wall. This 
model operates under a simple elastic solution framework. The proposed model slightly 
overestimates the strains as compared to experimental and numerical values. 
A realistic approach of modelling the geocells in 3-dimensional (3D) framework has been 
proposed. Numerical simulations have been carried out by forming the actual 3D honeycomb 
3D shape of the geocells using the finite difference package FLAC . Geocells were modeled 
3D using the geogrid structural element available in the FLAC with the inclusion of the 
interface element. Geocells, foundation soil and the infill soil were modeled with the 
different material model to match the real case scenario. The Mohr Colombo model was used 
to simulate the behavior of the sand bed while modified Cam clay was used to simulate the 
behavior of the clay bed. It was found that the geocells distribute the load in lateral direction 
to a relatively shallow depth as compared to unreinforced case. More than 50% reduction in 
the stress in the presence of geocells and more than 70% reduction in the stress in the 
presence geocells with basal geogrid were observed in sand and clay beds. The numerical 
model was also validated with the experimental studies and the results were found to be in 
good agreement with each other. The validated numerical model was used to study the 
influence of various properties of the geocells on the performance of the reinforced 
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foundation beds. The performance of the foundation bed was directly influenced by the 
modulus and the height of the geocells. Similarly, the pocket size of the geocell inversely 
affected the performance of the reinforced beds. The geocell with textured surface yielded 
better performance than the geocell with smooth surface. 
A case history of the construction of a 3 m high embankment on the geocell foundation over 
the soft settled red mud has been documented. Red mud is a waste product from the Bayer 
process of Aluminium industry. The reported embankment is located in Lanjigharh 
(Orissa) in India. The geotechnical problems of the site, the design of the geocell foundation 
based on experimental investigation and the construction sequences of the geocell 
foundations in the field are discussed. Based on the experimental studies, an analytical model 
was also developed to estimate the load carrying capacity of the soft clay bed reinforced with 
geocell and the combination of geocell and geogrid. The solution was established by 
superimposing the three mechanisms viz. lateral resistance effect, vertical stress dispersion 
effect and the membrane effect. By knowing the pressure applied on the geocell, tensile 
strength of the geogrid and the limiting settlement, the increment in the load carrying 
capacity can be calculated. The analytical model was validated with the experimental results 
and the results were found to be in good agreement with each other. The results of the 
experimental and analytical studies revealed that the use of the combination of geocell and 
the geogrid is always beneficial than using the geocell alone. Hence, the combination of 
geocell and geogrid was recommended to stabilize the embankment base in Lanjigharh. Over 
215,000 m of embankment base was stabilized using geocell foundation. The foundation 
work was completed within 15 days using locally available labors and the equipment. 
Construction of the embankment on the geocell foundation has already been completed. The 
constructed embankment has already sustained two monsoon rains without any cracks and 
seepage. Like Aluminum tailings (redmud), geocell foundations can also be used in various 
other mine tailings like zinc, copper etc. Geocell foundation can offer potential solutions to 
storage problems faced by various mining industries. 
The thesis also proposes a potential alternative to the geocells in the form of bamboocells in 
nd order to suit the Indian scenario. Indian has the 2 largest source of bamboo in the world. 
The areas particularly rich in bamboo are the North Eastern States, the Western Ghats, 
Chattisgarh and Andaman Nicobar Islands. The tensile strength and surface roughness of the 
bamboo was found to be 9 times and 3 times higher than geocell materials. In order to use 
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the bamboo effectively, 3D cells (similar to geocells) and 2D grids (similar to geogrids) are 
formed using bamboo known as bamboocells and bamboogrids respectively. The idea behind 
forming bamboocells is to extract the additional confining effect on the encapsulated soil by 
virtue of its 3-dimensional shape. The laboratory investigations were performed on a clay 
bed reinforced with natural (bamboo) and commercial (geosynthetics) reinforcement 
materials. The performance of bamboocells and bamboogrids reinforced clay beds were 
compared with the clay bed reinforced with geocells and geogrids. The ultimate bearing 
capacity of the bamboocell and bamboogrid reinforced clay bed was found to be 1.3 times 
that of reinforced with geocell and geogrid. The settlement of the clay bed was reduced by 
97% due to the insertion of the combination of the bamboocell and bamboogrid as compared 
to the unreinforced clay bed. The bamboo was treated chemically to increase the durability. 
The performance of the bamboo was reduced by 15-20% after the chemical treatment; still 
the performance was better than its geosynthetic counterparts. Analytical studies revealed 
that the 3% of the ultimate tensile strength of the bamboogrid was mobilized while resisting 
the footing load. 
The study also explored the new and innovative applications of the geocells to protect 
underground utilities and buried pipelines. The laboratory model tests and the numerical 
studies were performed on small diameter PVC pipes, buried in geocell reinforced sand beds. 
In addition to geocells, the efficacy of only geogrid and geocell with additional basal geogrid 
cases were also studied. A PVC (Poly Vinyl Chloride) pipe with external diameter 75 mm 
and thickness 1.4 mm was used in the experiments. The vehicle tire contact pressure was 
simulated by applying the pressure on the top of the bed with the help of a steel plate. 
Results suggest that the use of geocells with additional basal geogrid considerably reduces 
the deformation of the pipe as compared to other types of reinforcements. Further, the depth 
of placement of pipe was also varied between 1B to 2B (B is the width of loading plate) 
below the plate in the presence of geocell with additional basal geogrid. More than 50% 
reduction in the pressure and more than 40% reduction in the strain values were observed in 
the presence of reinforcements at different depths as compared to the unreinforced beds. 
Further, experimental results were validated with 3-dimensional numerical studies using 
3D FLAC . Good agreement in the measured pipe stain values were observed between the 
experimental and numerical studies. In addition, the results of the 1-g model tests were 
scaled up to the prototype case of the shallow buried pipeline below the pavement using the 
appropriate scaling laws. 
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The efficacy of the geocells was also studied under the action of cyclic loading. The 
laboratory cyclic plate load tests were performed in soft clay bed by considering the three 
different cases, namely, unreinforced, geocell reinforced and geocell with additional basal 
geogrid reinforced. The coefficient of elastic uniform compression (Cu) was evaluated from 
the cyclic plate load tests for the different cases. The Cu value was found to increase in the 
presence of geocell reinforcement. The maximum increase in the Cu value was obtained for 
the case of the clay bed reinforced with the combination of geocell and the geogrid. The 
results of the laboratory model tests were extrapolated to prototype foundation supporting the 
low frequency reciprocating machine. The results revealed that, in the presence of the 
combination of geocell and the geogrid the natural frequency of the foundation-soil system 
increases by 4 times and the amplitude of the vibration reduces by 92%. 
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